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ABSTRACT 


A  rocket  fire-suppression  subsystem  was  designed  and  developed 
to  arm  helicopters  with  an  increased  air-to-ground  defensive 
capability.  The  rocket  fire  control,  i.e.,  the  intervalometer , 
is  a  reliable  and  versatile  electromechanical  preset  counter 
in  which  a  solid-state  gated  relaxation-oscillator  is  used  as 
a  prime  controller.  Unique  features  of  this  subsystem  are  as 
follows:  (1)  All  rockets  are  held  at  ground  potential  until 

ready  to  be  fired.  This  completely  eliminates  premature  and 
uncontrolled  firing  of  rockets  caused  by  electrostatic  charges. 
(2)  The  firing  circuit  which  incorporates  solid-state  switching 
is  mechanically  timed  to  prevent  current  flow  until  all  switching 
functions  are  terminated.  This  provides  a  fire  control  with 
capability  to  perform  100,000  operating  cycles  with  a  minimum 
of  attendant  maintenance. 
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SUBJECT 

Design  and  Development  of  a  Rocket  Fire-Control  Subsystem 


OBJECTIVE 

The  objective  of  this  project  was  to  develop  a  reliable  inter- 
valometer  (rocket  fire  control)  capable  of  firing  rockets  at  a  rate  of 
six  pairs  per  second  for  use  on  the  XM16  or  XM21  armament  subsystems. 


SUMMARY  OF  CONCLUSIONS 

The  design  and  development  effort  on  the  XM16  and/or  XM21  rocket 
fire  control  has  culminated  in  a  reliable  and  efficient  subsystem. 

The  reliability  was  established  in  the  field  by  the  11th  Air  Assault 
Division  (now  the  1st  Cavalry  Division  Airmobile),  Fort  Benning,  Georgia, 
where  eight  subsystems  were  used  on  helicopters  for  a  three-month  period 
without  reported  malfunctions.  This  same  reliability  was  achieved  in  the 
engineering  test  conducted  at  Aberdeen  Proving  Ground,  Maryland. 


SUMMARY  OF  RECOMMENDATIONS 

It  is  probable  that,  with  helicopters  of  advanced  design,  an 
increased  rocket  complement  will  be  required.  For  this  reason,  the  rocket 
fire  control  has  been  constructed  to  incorporate  future  requirements  and 
is,  therefore,  recommended  for  use  as  the  basic  foundation  for  increased 
rocket  complement  systems. 
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1 .  INTRODUCTION 

The  rocket  fire  control  described  in  this  report  was  designed  and 
developed  specifically  to  meet  the  requirements  of  the  XM16  and/or  XM21 
subsystems.  The  design  can  be  expanded  readily  to  accommodate  subsystems 
having  larger  rocket  complements.  This  fire  control  conforms  to  the 
following  specifications: 

Ripple  rate. 

Adjusted  to  six  rocket  pairs/second 

Burst  length. 

One  rocket  pair  to  seven  rocket  pairs  by  increments  of  one  pair 

Operating  temperature. 

From  -40°  C.  to  71°  C. 

Power  input. 

20  amperes  at  28  VDC  operating 

.2  ampere  at  28  VDC  stand-by 

2.  RESULTS  OF  ACTIVITIES 

a.  The  first  intervalometer ,  fabricated  in  the  Aircraft  Weapon 
Systems  Laboratory  at  Springfield  Armory,  is  shown  in  Figures  1  and  2, 
Appendix  A.  This  working  model  represents  the  culmination  of  design 
and  development  activities  of  the  program  to  add  rocket  capability  to 
helicopters  equipped  with  the  M6  armament  subsystem. 

b.  The  intervalometer  was  installed  in  a  UH-1B  helicopter  and 
test-fired  at  Aberdeen  Proving  Ground,  Maryland.  The  test  was  highly 
successful  with  no  malfunctions  occurring.  At  the  conclusion  of  the 
test,  a  meeting  for  technical  review  was  held  at  which  it  was  decided 
to  eliminate  the  "Rockets  Remaining"  indicator  since  this  indicator 
did  not  directly  monitor  the  rocket  firing.  Also,  it  was  considered 
impractical  to  instrument  the  rocket  pod  for  direct  monitoring  of 
rocket  firing. 
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2.  RESULTS  OF  ACTIVITIES  -  Continued 

c.  To  effect  a  more  reliable  armament  subsystem,  it  is  necessary 
that  the  relation  between  weapons  and  rockets  be  such  that  changeability 
can  be  readily  made,  i.e.,  from  guns  as  the  primary  weapon  system  to 
rockets  as  the  primary  system.  This  changeability  was  accomplished 
through  command  operation  of  an  electrical  interlock  between  guns  and 
rockets . 


d.  The  intervalometer  is  depicted  in  Figures  3,  4,  and  5. 

This  present  configuration  has  been  flight-tested  (without  malfunctions), 
and  favorable  reports  have  been  received  from  all  users.  A  quantity 
of  the  XM16  subsystem  modification  kits  were  produced  and  have  been 
subjected  to  extensive  evaluation  by  the  11th  Air  Assault  Division 
(1st  Cavalry  Division  Airmobile),  Fort  Benning,  Georgia. 

e.  The  development  of  the  intervalometer  resulted  in  a  rocket 
fire-control  subsystem  which  proved  to  be  reliable  during  field  test. 

The  subsystem  consists  of  two  stationary,  remotely  controlled,  2.75  FFAR 
rocket  pods  mounted  on  both  the  left  and  the  right  sides  of  the  heli¬ 
copter  and  inboard  of  the  M6  or  XM134  subsystem.  The  rocket  fire  control 
(intervalometer)  is  mounted  in  the  pedestal  control  console  of  the 
helicopter  and  is  accessible  to  both  pilot  and  copilot.  The  interval¬ 
ometer  is  an  electromechanical  preset  counter,  When  the  pilot  or 
copilot  has  preselected  the  number  of  rockets  to  be  fired,  the 
intervalometer  will  automatically  fire  that  number  of  rockets 

and  will  reset  to  a  start  position  for  recurrent  operation.  A  circuit 
has  been  incorporated  into  the  intervalometer  which  provides  for  burst 
cancellation.  This  action  is  readily  accomplished  merely  by  the 
releasing  of  tha  trigger  which  immediately  terminates  the  burst  and 
causes  the  intervalometer  to  automatically  reset. 

f.  The  firing  module  (Figure  6),  located' in  the  aft  fairing  of 
the  rack  assembly,  contains  the  rocket  selector  switch  which  is  advanced 
by  a  signal  from  the  intervalometer  and  also  the  solid-state  switch 
which  controls  squib  current.  This  unit,  of  the  subsystem,  is  so 
designed  that  the  initiation  of  the  rocket  squib  is  self-synchronous 
with  the  action  of  the  rocket  selector  so  that  the  contacts  of  the 
mechanical  switch  do  not  open  or  close  while  current  is  flowing. 

Thus,  the  power  handling  elements  of  the  system  operate  in  their 
maximum  reliability  mode.  It  is  anticipated  that  these  components 
will  have  a  service  expectancy  of  better  than  100,000  operations. 

Another  feature  of  the  firing  module  is  that  it  can  be  set  to  a  safe 
position  from  the  cockpit,  thereby  the  pod  reloading  time  is  reduced. 
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2.  RESULTS  OF  ACTIVITIES  -  Continued 

The  firing  module,  located  in  the  aft  fairing  of  the  rack  assembly, 
is  an  electronic  switch  automatically  synchronized  with  the  intervalom- 
eter  and  mechanically  timed  to  allow  the  flow  of  rocket-squib  current 
only  near  the  limit  of  angular  travel  of  a  rotary  stepping  switch. 

The  purpose  of  the  mechanical  timing  is  to  prevent  the  flow  of  squib 
current  through  the  switch  contacts  while  the  stepping  action  of  the 
rotary  solenoid  is  being  performed.  Another  unique  safety  character¬ 
istic  is  the  grounding  of  all  rockets  until  each  rocket  is  ready  to 
be  fired.  The  rocket  fire-control  system  was  designed  so  that  it 
could  be  expanded  to  a  larger  rocket  capability.  This  expansion  is 
accomplished  readily  by  the  increasing  of  the  number  of  positions  on 
the  firing  module  stepping  switch  and  the  increasing  of  the  number  - 
of  wires  in  the  rocket  cable  assembly. 

3.  THEORT  OF  OPERATION 

a.  Theory  of  Operation  -  Intervalometer . 

Two  schematics  of  the  subsystem  are  provided  (Appendix  A) , 
one  in  electrical  form,  Figure  7,  and  one  in  logic  form,  Figure  8. 

The  intervalometer  portion,  Figure  7,  of  the  rocket  fire 
control  consists  of  the  following: 

(1)  A  timing  module,  Figure  9,  is  a  transistorized  gated 
relaxation  oscillator  with  a  period  of  not  less  than 
167  milliseconds.  The  oscillator  has  an  on-time  of 
30  milliseconds  to  60  milliseconds  and  is  held  in 
its  quiescent  state  by  the  grounding  of  the  clamping 
diodes  CR2  and  CR3  through  relay  contacts  Kl-D. 

(2)  A  burst  limiter  circuit  stops  rocket  firing  when 

the  stepping  switch,  SS1-A1,  reaches  the  preselected 
position.  This  is  accomplished  by  the  completing  of 
a  ground  from  S2  through  SS1-A1  to  the  clamping  diodes, 
CR2  and  CR3,  located  on  the  timing  module.  A  burst 
can  be  terminated  by  the  releasing  of  the  firing  switch 
which  de-energizes  relay  Kl  and  grounds  the  clamping 
diodes  CR2  and  CR3  through  Kl-D. 

(3)  A  mode  switch  enables  the  pilot  or  copilot  to  select 
the  firing  of  guns  or  rockets. 
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3.  THEORY  OF  OPERATION  -  Continued 

(4)  A  momentary  toggle  switch,  with  a  lift-top  safety  cover, 
provides  electrical  jettison  capability. 

(5)  Two  edge-lights  illuminate  the  control  panel  for  nigut 
operation. 

To  initiate  rocket  firing  requires  that  the  rockets/guns  switch  (SI) 
be  set  to  rocket  position,  that  the  rocket-pair  selector-switch  (S2)  set 
to  the  number  of  rocket  pairs  to  be  fired,  and  that  the  M6  OFF-SAFE- ARM 
switch  set  to  ARM  position.  Under  these  conditions,  relay  K3  is  energized 
and  thus  prevents  accidental  resetting  action  to  occur  by  the  opening  of 
the  reset  circuit  through  K3  relay  contacts  IGA  and  K3B. 

Depressing  the  pilot  or  copilot  trigger  switch  energizes  relay  Kl 
which  arms  the  squib  firing-circuit  through  relay  contacts  Kl-A,  removes 
supply  voltage  from  the  reset  switch  SS1-A  front  through  contacts  Kl-B, 
and  allows  the  multivibrator  to  oscillate  by  removal  of  the  ground  from 
the  clamping  diodes  CR2  and  CR3  through  relay  contacts  Kl-D,  Relay  K2, 
in  the  collector  circuit  of  transistor  Ql,  will  pulse  and  apply  supply 
voltage  to  the  squib  selector-switches  SS3  and  SS4  and  to  the  preset 
detector  SSI.  All  switches  will  advance  simultaneously  one  position 
per  pulse. 

The  rocket  burst  is  terminated  when  SS1-A1  reaches  the  preset 
position  of  switch  S2.  This  is  brought  about  by  the  grounding  of 
clamping  diodes  CR2  and  CR3  through  contacts  S2  and  SSl-Al.  Burst 
cancellation  can  be  accomplished  by  the  releasing  of  the  trigger  switch 
which  de-energizes  relay  Kl .  This  action  grounds  clamping  diodes  CR2 
and  CR3  through  Kl-D  which  stops  the  multivibrator  from  oscillating. 
Automatic  resetting  action  occurs  when  relay  Kl  is  de-energized. 

Voltage  is  then  applied  to  SS1-A2  through  Kl-B,  SS1-A2,  interrupter 
contacts  SSl-A-AUX,  and  K2-D,  which  automatically  causes  the  synchro¬ 
nizing  stepping  switch  SSI,  to  return  to  starting  position. 

Resetting  of  the  rocket  firing  circuit  is  initiated  by  the  placing 
of  the  M6  OFF-SAFE-ARM  switch  in  the  SAFE  position.  This  action  causes 
relay  K3  to  be  de-energized.  Then,  by  the  depressing  of  the  reset  button, 
located  on  the  intervalometer  control  panel,  reset  action  is  effected. 

The  rocket  firing  circuit  is  described  in  detail  in  Appendix  A. 
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3.  THEORY  OF  OPERATION  -  Continued 

Since  it  is  possible  for  a  rocket  to  be  hit  by  gun  fire  if  both  are 
being  fired  simultaneously,  a  system  interlock  has  been  incorporated. 

With  switch  SI  in  the  rockets  position,  the  guns  are  fired  merely  by 
the  depressing  of  the  dead-man  switch  and  flex-sight  trigger  switch. 
However,  if  it  is  necessary  to  fire  rockets,  the  pilot  merely  depresses 
the  firing  button  and  the  firing  of  the  gun  is  interrupted  for  the 
length  of  rocket  firing  time.  This  operation  is  accomplished  in  the 
following  manner:  When  the  pilot  depresses  the  firing  button,  relay 
K1  will  be  energized;  this  action  interrupts  voltage  to  the  M6  firing 
relay  through  relay  contacts  Kl-C. 

b •  Theory  of  Operation  -  Rocket  Firing  Circuit. 

Rocket  ignition  is  controlled  by  a  firing  module.  Figure  10, 
consisting  of  a  compact,  electrically  operated  rotary  solenoid  which  is 
capable  of  providing  sufficient  mechanical  power  to  drive  a  cluster  of 
rotary  wafer-switches,  and  a  silicon-controlled  rectifier  (SCR)  which 
functions  as  a  solid-state  electronic  switch  capable  of  blocking  an 
applied  voltage  while  in  its  normal  state.  When  the  appropriate 
voltage  pulse  is  applied  to  the  gate  electrode,  current  will  flow 
through  the  SCR  to  the  load  circuit.  The  SCR  is  capable  of  turning 
on  in  one  microsecond,  and  turning  off  in  fifteen  microseconds. 

The  sequence  of  events  which  occur  when  the  firing  module  is 
energized  is  as  follows: 

As  the  rotary  wafer-switches  are  advanced  to  the  first  position, 
the  ground  is  removed  from  Rocket  1  (Terminal  A)  through  contacts  SS3-C2. 
All  of  the  other  rocket  positions  will  remain  grounded.  As  the  rotary 
solenoid,  SS3,  nears  completion  of  the  angular  displacement,  the 
mechanically  synchronized  interrupter-contacts,  SS3-D,  are  opened  and, 
momentarily,  the  ground  is  removed  from  the  gate  circuit  of  the  SCR. 

This  action  will  shift  the  SCR  to  the  ON  state  and  allow  current  to 
flow  from  the  supply  voltage  through  resistor  R1  to  contact  SS3-C1 
and  Terminal  A  to  the  rocket  squib.  Resetting  of  the  firing  circuit 
is  automatic  and  occurs  when  the  rocket  leaves  the  launcher.  This 
allows  the  gate  to  turn  OFF  the  SCR.  Once  in  the  OFF  state,  the 
SCR's  are  held  in  that  condition  by  the  normally  closed  interrupter 
contacts,  SS3-D. 
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4.  CONCLUSIONS 

The  design  and  development  of  the  subject  rocket  fire  control 
subsystem  resulted  in  a  lightweight  single-package  unit  mounted  in 
the  control  console  of  the  helicopter.  This  subsystem  was  designed 
for  a  continuous  long-term  reliable  operation.  A  unique  character¬ 
istic  of  the  subsystem  is  the  mechanically  timed  switch  which 
prevents  the  flow  of  rocket  squib  current  through  the  switch  con¬ 
tacts  while  the  rotary  solenoid  is  going  through  its  stepping  action. 

5 .  RECOMMENDATIONS 

An  XM16/XM21  rocket  fire  control  subsystem  is  readily  adapted 
to  the  control  of  other  rocket  subsystems  used  in  low-speed  aircraft. 
From  the  point  of  view  of  economics  and  logistics,  a  basically 
standardized  intervalometer  with  potential  growth  is  advantageous. 

The  XMI6/XM21  intervalometer  was  designed  to  incorporate  future 
requirements.  Although  this  subsystem  was  designed  for  two  7 -tube 
rocket  launchers,  one  on  each  side  of  the  helicopter,  the  intervalom¬ 
eter  was  designed  to  control  rocket  fire  from  any  complement  rocket 
launcher.  The  only  modification  required  is  the  increasing  of  the 
number  of  positions  of  the  rotary  stepping  switch  (located  in  the 
firing  module)  and  the  increasing  of  the  number  of  wires  in  the 
rocket  cable  assembly.  The  XM16/XM21  rocket  fire  control  subsystem 
is  a  lightweight,  low-cost,  reliable  system. 
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Figure  I 

Interva lometer ,  XM16/XM2I,  Prototype 
Front  View 
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Interva lometer,  XM16/XM2I,  Production  Model 
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